Serum Adipocyte Fatty Acid-Binding Protein Levels Were 
Independently Associated With Carotid Atherosclerosis 
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Objective — Adipocyte fatty acid- binding protein (A-FABP) has been shown to be an important player in atherosclerosis 
in animal models. However, the clinical relevance of these findings is still unknown. This study aims to examine the 
relationship between serum A-FABP level and carotid intima-media thickness (IMT), an indicator of atherosclerosis in 
humans. 

Methods and Results — The study cohort included 479 Chinese subjects who underwent carotid IMT measurement. 
Serum A-FABP levels were determined by enzyme-linked immunosorbent assays. Serum A-FABP levels 
positively correlated with carotid IMT in both men (r=0.211, P=0.001) and women (r=0.435, P<0.001). In 
women, but not in men, the presence of plaques was associated with significantly higher serum A-FABP levels 
(P<0.001 versus women without plaques). Stepwise multiple regression analysis showed that serum A-FABP level 
was independently associated with carotid IMT in women (P=0.034), together with age and hypertension (both 
P<0.001). 

Conclusions — A-FABP is an independent determinant of carotid atherosclerosis in Chinese women, but not in men. 
This gender difference may be attributed to the lower serum A-FABP levels in men, and the effect of other risk 
factors, such as smoking, among our male participants. Our results have provided clinical evidence supporting the 
role of A-FABP in the development of atherosclerosis. {Arterioscler Thromb Vase Biol. 2007 ; 27 : 1796 - 1802 .) 
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A dipocyte fatty acid- binding protein (A-FABP, also 
known as aP2 or FABP4) is highly expressed in mature 
adipocytes, accounting for approximately 6% of their total 
soluble protein. 1 It belongs to the superfamily of small 
molecular weight intracellular lipid-binding proteins, and 
plays a central regulatory role in energy metabolism and 
inflammation. 2 Earlier animal studies showed that A-FABP- 
null mice were partially protected from developing hyperin- 
sulinemia, hyperglycemia, and insulin resistance when chal- 
lenged with dietary and genetic obesity. 3 - 4 In apolipoprotein E 
(apoE)-deficient mice, whether on a low-fat or high-fat diet, 
ablation of the A-FABP gene provided almost complete 
protection against atherosclerosis, independent of its effects 
on glucose and lipid metabolism. 5 - 6 Remarkably, after a 
high-fat atherogenic Western diet for 1 year, the survival rates 
of apoE w ~ mice null for both A-FABP and mall were 67% 
higher than those of apoE w ~ control mice, primarily because 
of the increased stability of atherosclerotic plaques. 7 These 
results suggest that A-FABP is a major mediator of athero- 
sclerotic lesion formation in mice. In humans, A-FABP is 
expressed in monocytes on PPARy activation, 8 and oxidized 


LDL has been shown to induce A-FABP expression in human 
THP-1 macrophage cell lines. 9 Furthermore, a genetic variant 
associated with increased A-FABP mRNA expression in 
adipose tissues predicted coronary artery disease in homozy- 
gous subjects. 10 These findings suggest that A-FABP may 
also play a role in the development of atherosclerotic diseases 
in humans. 

Although A-FABP was traditionally thought to be an 
intracellular protein, we have demonstrated that a small 
portion of A-FABP is released from mature adipocytes into 
the human blood stream, 11 with the serum concentrations 
being to 60 ng/mL. In a cross-sectional study we observed 
a strong positive association between serum A-FABP levels 
and parameters of adiposity. In addition, serum A-FABP 
levels correlated closely with several key features of the 
metabolic syndrome, an aggregate of cardiometabolic risk 
factors associated with accelerated atherosclerosis, 12 includ- 
ing adverse lipid profiles (increased serum triglyceride and 
LDL-cholesterol, and decreased HDL-cholesterol), insulin 
resistance, hyperglycemia, and hypertension. 11 More impor- 
tantly, serum levels of A-FABP predicted the development of 
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the metabolic syndrome, independent of adiposity, in our 
recently published 5-year prospective study, 13 further sup- 
porting the role of A-FABP as a potential mediator of the 
metabolic syndrome. 

To investigate the role of A-FABP in atherosclerosis, we 
examined in 479 Chinese subjects the relationship between 
serum A-FABP levels and carotid intima-media thickness 
(IMT), a well-established indicator of atherosclerosis. 14 High- 
sensitivity C-reactive protein (hsCRP), a well-known marker 
of systemic inflammation which predicts cardiovascular mor- 
tality in epidemiological studies, 15 and adiponectin, an adi- 
pokine with antiatherogenic properties, 16 were also measured 
to ascertain the role of A-FABP as an independent risk factor 
for the thickening of carotid IMT. 

Methods 

Subjects 

Our cohort consisted of 479 subjects who underwent carotid IMT 
measurement at the Department of Radiology, Queen Mary Hospital. 
They included 296 subjects from the Hong Kong Cardiovascular 
Risk Factor Prevalence Study who returned in 200 1 for reassessment 
of their cardiovascular risk. 13 - 17 Another 183 were patients with type 
2 diabetes recruited from the Diabetes Clinic of the Queen Mary 
Hospital. All subjects gave informed consent and the protocol was 
approved by the Ethics Committee of the University of Hong Kong. 

Subjects were classified as having normal glucose tolerance 
(NGT), impaired glucose tolerance (IGT), impaired fasting glucose 
(IFG), or diabetes mellitus (DM) according to WHO 1998 diagnostic 
criteria. 18 Hypertension was defined as a sitting blood pressure of 
>130/85 mm Hg, taken as a mean of 2 readings obtained after 
resting for at least 10 minutes, or on regular antihypertensive 
medications. 12 Dyslipidemia was defined as having one or more of 
the following criteria: (1) fasting triglyceride Si. 7 mmol/L; (2) 
HDL-cholesterol <1.29 mmol/L in female and <1.04 mmol/L in 
male; (3) LDL-cholesterol >3.4 mmol/L; (4) already on lipid- 
lowering drug. 

Clinical and Biochemical Assessment 

All subjects were assessed after overnight fasting for at least 10 
hours. The details of anthropometric measurements (height, weight, 
BMI, waist circumference, and blood pressure) and the methods for 
assay of biochemical variables (fasting and 2-hour post-OGTT 
glucose, insulin, total cholesterol, triglycerides, LDL- and HDL-cho- 
lesterol) were reported previously. 17 - 19 - 20 Insulin resistance was 
estimated using homeostasis model assessment index (HOMA-IR). 21 
Human A-FABP enzyme-linked immunosorbent assay (ELISA) 
(BioVendor Laboratory Medicine Inc) was performed as we previ- 
ously described. 11 - 13 hsCRP was measured with a particle-enhanced 
immunoturbidimetric assay (Roche Diagnostics). 20 Serum adiponec- 
tin levels were determined with our in-house sandwich ELISA. 17 - 22 

Measurement of Carotid IMT 

High-resolution B-mode ultrasound (ATL HDI 3000 and 5000 
ultrasound system; Advanced Technology Laboratories) was used to 
measure the IMT of the common carotid arteries. Linear transducers 
with frequency of 10 to 12 MHz were used. Anterolateral approach 
was used to longitudinally image the right and left common carotid 
arteries. Best image was selected to show the far wall intimal-lumen 
interface as a continuous straight line. Three determinations of IMT 
were made at 2 cm proximal to the bulb and at the site of greatest 
thickness. The values at each site were averaged, and the highest 
value of the averaged IMT used as the representative value for each 
individual. Plaque was defined as IMT >0.13 mm or a focal 
protrusion into the lumen with a thickness of at least 50% more than 
adjacent intima-media complex. 


Statistical Analysis 

All analyses were performed with Statistical Package for Social 
Sciences Version 14.0 (SPSS). Data are expressed as mean±SD or 
median with interquartile range as appropriate. Data that were not 
normally distributed, as determined using Kolmogorox-Smirnov 
test, were logarithmically transformed before analysis. A-FABP and 
adiponectin levels were adjusted for sex in all analyses because of 
higher levels of these hormones in females. 11 - 13 - 22 Pearson corre- 
lations or 1-way ANOVA were used as appropriate for compar- 
isons between 2 groups, and multiple testing was corrected using 
Bonferroni correction. Stepwise multiple linear regression anal- 
ysis was done to determine the variables with independent 
significant association with carotid IMT, and included all vari- 
ables with significant relationship with carotid IMT in univariate 
analyses (P<0.05 after correction for multiple comparisons). 
Probability values less than 0.05 were considered statistically 
significant. 

Results 

The demographic and biochemical characteristics of the 
subjects are summarized in Table 1. Compared with women, 
men had significantly higher carotid IMT, triglycerides, 
diastolic blood pressure, waist circumference, waist-hip ratio, 
and percentage of former and current smokers, but signifi- 
cantly lower HDL-cholesterol and adiponectin levels. Con- 
sistent with our previous reports, 11 - 13 women had higher 
serum A-FABP levels; 26.2 (17.0 to 41.9) pg/L versus 18.9 
(12.3 to 29.9) pg/L in men; /'<(). 00 1 . This sexual dimor- 
phism was seen even when only subjects >55 years of age, 
when the women were likely to be post-menopausal, were 
considered (Men [n=112; aged 67.5±6.2 years]: 22.9 [13.5 
to 36.3] pg/L versus women [n=122; aged 67.4±6.6 years]: 
36.8 [24.4 to 51.8] pg/L, P<0.001). 

Age-adjusted serum A-FABP levels correlated positively 
with serum triglycerides, fasting insulin, HOMA-IR, and 
hsCRP, but inversely with serum HDL-cholesterol and adi- 
ponectin levels (Table 2). The positive correlation with 
LDL-cholesterol was not significant after Bonferroni correc- 
tion. Serum A-FABP levels were not significantly higher in 
subjects with IGT/IFG (n=89): 21.1 (12.8 to 31.8) pg/L 
versus: 20.1 (12.4 to 31.1) pg/L in subjects with NGT 
(n=174; P=1.0). However, DM patients had significantly 
higher serum A-FABP levels (n=216; 26.3 [17.2 to 42.8] 
pg/L) than the NGT and IGT/IFG subjects (both 
P<0.001). 

Serum A-FABP levels showed a significant positive cor- 
relation with carotid IMT in both genders (women: r=0.435, 
/-'<(). 00 1 [Figure, A]; men: r=0.21 I, P=0.00l [Figure, B]; 
Table 3). Furthermore, a significantly higher serum A-FABP 
concentration was observed in women with plaques (n=48): 
41.7 (24.6 to 55.5) pg/L versus 24.2 (16.1 to 37.7) pg/L in 
women without plaques (n=199; /’<(). 00 1 ). This difference 
in A-FABP level was not significant in men: 21.5 (12.4 to 

35.0) pg/L in men with plaques (n=60) versus 18.5 (12.3 to 

28.0) pg/L in men without plaques (n=172; P=0.352). 

Subjects with IGT/IFG (n=89) or DM (n=216) had 

significantly higher carotid IMT (P< 0.005 for both), com- 
pared those with NGT (n=174; IGT/IFG: 0.65 [0.57 to 
0.77] mm; DM: 0.67 [0.55 to 0.80] mm; NGT: 0.58[0.50 to 
0.73] mm). There was no significant difference in carotid 
IMT between IGT/IFG and DM when all subjects were 
analyzed or when either gender was considered (P= 1 .0). 
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TABLE 1. Demographic and Biochemical Characteristics of Study Subjects 



All Subjects 
(n =479) 

Men 

(n=232) 

Women 

(n=247) 

P Value 

(Men vs Women) 

Age, years 

55.4± 1 3.5 

55.7 ± 1 3.0 

55.2± 1 3.9 

0.715 

BMI, kg/m 2 

25,0±4.0 

25.1 ±3.8 

25.0±4.3 

0.960 

Fasting glucose, mmol/L 

7,2±7.8 

7.1 ±6.8 

7.3±8.8 

0.841 

Glycemic status %, NGT vs IGT and IFG vs DM 

36.3/18.6/45.1 

34.0/20.7/45.3 

38.5/16.6/44.9 

0.423 

Triglycerides* mmol/L 

1.20 (0.80-1 .90) 

1.30 (0.90-2.00) 

1.15 (0.80-1.70) 

0.037 

LDL-cholesterol, mmol/L 

3.38±1 .03 

3.38±0.94 

3.38± 1 .1 2 

0.984 

HDL-cholesterol, mmol/L 

1.28±0.38 

1 .1 8±0.34 

1.38±0.39 

<0.001 

Systolic blood pressure, mm Hg 

1 30.0±21 .8 

131 ,5±20.2 

128.6±23.1 

0.142 

Diastolic blood pressure, mm Hg 

74.7 ± 1 0.7 

77.6±1 1 .2 

72.0±9.5 

<0.001 

Waist circumference, cm 

82.8± 1 0.7 

86.6±9.8 

79.3±1 0.4 

<0.001 

Waist-hip ratio 

0.88±0.09 

0.91 ±0.06 

0.85±0.10 

<0.001 

Hypertension % 

58.9 

61.6 

56.3 

0.264 

Smoking %, Never-smoker vs Former and current smoker 

67.4/32.6 

40.9/59.1 

91.9/8.1 

<0.001 

Carotid IMT,* mm 

0.63 (0.53-0.77) 

0.65 (0.55-0.78) 

0.62 (0.50-0.73) 

<0.001 

Presence of plaque % 

22.5 

25.9 

19.4 

0.101 

A-FABP,* yutg/L 

22.3 (13.7-36.3) 

18.9(12.3-29.9) 

26.2(17.0-41.9) 

<0.001 

hsCRP,* mg/L 

1.29 (0.60-2.57) 

1.35 (0.63-2.50) 

1 .22 (0.60-2.63) 

0.872 

Adiponectin,* /ag/ml 

4.34 (2.70-7.45) 

3.74 (2.52-5.88) 

5.57 (3.01-8.58) 

<0.001 


'log-transformed before analysis. 

BMI indicates body mass index; NGT, normal glucose tolerance; IGT, impaired glucose tolerance; IFG, impaired fasting glucose; DM, diabetes 
mellitus; LDL-cholesterol, low-density lipoprotein cholesterol; HDL-cholesterol, high-density lipoprotein cholesterol; carotid IMT, carotid intima-media 
thickness; A-FABP, adipocyte fatty acid-binding protein; hsCRP, high-sensitivity C-reactive protein. 


Thus, for all subsequent analyses on the relationship between 
glycemic status and IMT, the IGT/IFG and DM subjects were 
combined and labeled as the group with hyperglycemia. 

The relationships of the various cardiometabolic risk 
factors with carotid IMT are shown in Table 3 (continuous 
variables) and Table 4 (categoric variables). When all 
subjects were considered, serum A-FABP was among the 
factors positively related to carotid IMT, after correction 
for multiple testing. These factors also included age, 
systolic blood pressure/hypertension, waist circumference, 
waist-hip ratio, hsCRP, hyperglycemia, and smoking. In 


TABLE 2. Correlation of Age-Adjusted Serum A-FABP Levels 
With Cardio-Metabolic Parameters 



All (n=479) 
r 

Men (n=232) 
r 

Women (n=247) 
r 

Triglycerides*§ 

0.248 c 

0.1 75 a 

0.355° 

LDL-cholesterol§ 

0.1 29 a 

0.117 

0.1 68 a 

HDL-cholesterol§ 

— 0.1 73 b 

-0.280° 

-0.227 b 

Fasting insulin*! 

0.305° 

0.338° 

0.263 b 

H0MA-IR*t 

0.307° 

0.350° 

0.275 b 

hsCRP* 

0.195° 

0.232° 

0.1 61 a 

Adiponectin* 

-0.179° 

— 0.1 63 a 

-0.277° 


log-transformed; includes only subjects not on lipid-lowering drug (199 
men and 194 women); includes only subjects with available data (147 men 
and 147 women); a P< 0.05; b P<0.01; C P<0.001. 


r indicates Pearson correlation coefficient; A-FABP, adipocyte fatty acid- 
binding protein; LDL-cholesterol, low-density lipoprotein cholesterol; HDL-cho- 
lesterol, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive 
protein. 


women, serum triglyceride/dyslipidemia was positively 
related to IMT, but smoking was not associated with 
significantly higher carotid IMT levels. In men, the asso- 
ciations of serum A-FABP, waist circumference, and 
hsCRP with carotid IMT were not statistically significant 
after Bonferonni correction. 

On stepwise multiple regression analysis of the significant 
risk factors of IMT identified in the above univariate analyses 
(Table 5), serum A-FABP was independently associated with 
carotid IMT in women (P=0.034), but not in men. Age was 
an independent risk factor of increased carotid IMT in both 
women and men (P<0.001). The other independent risk 
factors of carotid IMT included hypertension in women only 
(PCO.OOl) and, in men only, waist-hip ratio (P=0.024), 
hyperglycemia (P=0.018), and smoking (P=0.047). hsCRP 
was not a significant independent risk factor of carotid IMT 
even when all subjects were included in the analysis. Re- 
peated analysis including the same parameters for both sexes 
did not alter the results of the stepwise multiple regression 
models. 

Discussion 

Although recent studies in mouse models have demonstrated 
A-FABP to be a central player in atherosclerosis, 2 - 5-7 the 
clinical relevance of these animal-based findings remains to 
be established. In this study, we provided the first clinical 
evidence demonstrating the existence of a close association 
between serum A-FABP levels and carotid atherosclerosis in 
humans. A positive correlation between serum A-FABP and 
carotid IMT was observed in both genders and, in women, the 
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Log serum A-FABP levels 


Correlation between serum A-FABP levels and carotid intima- 
media thickness in women (n=247) and men (n=232). 

presence of plaques was associated with significantly higher 
serum A-FABP levels. Furthermore, our multiple regression 
analysis had identified serum A-FABP, together with age 
and hypertension, to be independent risk factors in female 
subjects. Previous studies have revealed the association of 
increased adipose A-FABP mRNA expression with coro- 
nary heart disease, 10 and the correlation between serum 
A-FABP and its expression in adipose tissues. 13 Our 
clinical data based on serum A-FABP levels would there- 
fore support a causative role of A-FABP in atherosclerosis 
in human subjects. 

Although serum A-FABP levels significantly correlated 
with carotid IMT in both genders, our results suggested 
A-FABP to have a greater impact on atherosclerosis in 
women. The independent association between serum 
A-FABP and carotid IMT was not observed in men. Instead, 
waist-hip ratio, hyperglycemia, and smoking were signifi- 
cantly associated with carotid IMT among our male subjects, 
in whom these risk factors probably outweighed the effect of 
A-FABP on carotid atherosclerosis. Our female participants 
had fewer confounding factors than the men in this study. In 
particular, these women had a lower prevalence of cigarette 
smoking, an established risk factor of carotid atherosclerosis, 
as a higher carotid IMT has been found in smokers. 23 Another 
possible explanation for the gender-specific effect of 
A-FABP on carotid atherosclerosis is the sexual dimorphism 
in serum A-FABP concentrations. In this and our earlier 
studies, 1113 serum A-FABP levels in women were signifi- 


TABLE 3. Correlation of Carotid Intima-Media Thickness With 
Cardio-Metabolic Parameters 



All (n=479) 

Men (n=232) 

Women (n=247) 


r 

r 

r 

Age 

0.642 c 

0.61 6 C 

0.683 c 

BMI 

0.021 

-0.020 

0.108 

Waist circumference 

0,248 b 

0.116 

0.289 c 

Waist-hip ratio 

0.340 b 

0.285 c 

0.335 c 

Systolic blood pressure! 

0.486 c 

0.355 c 

0.589 c 

Diastolic blood pressure! 

0.058 

-0.064 

0.113 

Fasting glucose) 

0.061 

-0.054 

0.208 a 

Triglycerides*): 

0.1 24 a 

-0.077 

0.304 c 

LDL-cholesterol): 

0.067 

-0.089 

0 222" 

HDL-cholesterol): 

-0.121 3 

0.013 

— 0.1 67 a 

A-FABP* 

0.272 c 

0.21 1 b 

0.435 c 

hsCRP* 

0.207 c 

0.1 52 a 

0.267 c 

Adiponectin* 

-0.027 

0.098 

-0.082 


log-transformed ; includes only subject not on diabetic treatment (150 men 
and 152 women); ♦includes only subjects not on lipid-lowering drug (199 men 
and 194 women); includes only subjects not on antihypertensive treatment 
(150 men and 157 women); a P<0.05; b P<0.01; b P<0.001. 

r indicates Pearson correlation coefficient; A-FABP, adipocyte fatty acid- 
binding protein; BMI, body mass index; LDL-cholesterol, low-density lipoprotein 
cholesterol; HDL-cholesterol, high-density lipoprotein cholesterol; hsCRP, high- 
sensitivity C-reactive protein. 

cantly higher than those in men. This gender difference could 
be partly attributed to the higher fat percentage in women, 
because adipose tissue is the major contributor of circulating 
A-FABP. 11 A difference in regional fat distribution might 
also contribute to this sexual dimorphism, as women gener- 
ally have more subcutaneous fat than men, whereas men have 
more abdominal (visceral) fat. In a study of obese Whites, 
A-FABP expression was found to be higher in subcutaneous 
compared with omental adipose tissue 24 . Another potential 
explanation is the regulation of A-FABP expression by sex 
hormones. The persistence of the sexual dimorphism among 
subjects over the age of 55 suggested that estrogen might not 
be important in regulating A-FABP production in women. 
Notably, the sexual dimorphism of A-FABP resembles that of 
adiponectin, another major adipokine. We have previously 
demonstrated that the lower adiponectin levels in men are 
attributable to the suppressive effects of testosterone on 
adiponectin secretion. 22 Whether testosterone can modulate 
A-FABP expression or secretion is currently under investi- 
gation in our laboratory. 

As in our previous report, 13 serum A-FABP levels corre- 
lated positively with serum hsCRP levels in this cohort. 
hsCRP has been reported to contribute to atherosclerosis in 
humans. It enhances the expression of adhesion molecules in 
human endothelial cells, 25 and mediates the uptake of LDL 
into macrophages. 26 Interestingly, A-FABP also regulates 
foam cell formation from macrophages, through enhancing 
intracellular lipid accumulation. 5 - 27 Whether hsCRP and 
A-FABP act in a synergistic manner in promoting atheroscle- 
rosis remains to be determined. 

In this and our earlier studies, 11 - 13 a negative correlation 
between serum adiponectin and A-FABP is found, although 
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TABLE 4. Carotid Intima-Media Thickness in Relation to Various Cardio-Metabolic Risk Factors 



Carotid IMT* in All Subjects 


Carotid IMT* in Men 


Yes 

No 

P Value 

Yes 

No 

P Value 

Hyperglycemiat 

0.65(0.55-0.78; n=305) 

0.58 (0.50-0.70; n = 1 74) 

<0.001 

0.70(0.58-0.83; n = 153) 

0.62 (0.53-0.72; n=79) 

0.003 

Dyslipidemia 

0.63(0.55-0.77; n=356) 

0.58 (0.50-0.73; n = 1 21) 

0.010 

0.64(0.56-0.80; n = 178) 

0.69 (0.52-0.78; n = 52) 

0.962 

Flypertension 

0.68(0.60-0.80; n=282) 

0.53 (0.48-0.63; n = 1 95) 

<0.001 

0.70(0.60-0.82; n = 143) 

0.58 (0.52-0.70; n = 88) 

<0.001 

Smokingf 

0.70(0.58-0.80; n = 156) 

0.60 (0.50-0.73; n = 322) 

<0.001 

0.70 (0.58-0.81; n = 1 36) 

0.62 (0.52-0.72; n=95) 

<0.001 


log-transformed before analysis; Tiyperglycemic subjects were those with IGT (impaired glucose tolerance)/IFG (impaired fasting glucose) and type-2 diabetes, 
whereas nonhyperglycemic was regarded as having NGT (normal glucose tolerance); *Smoking included those current smokers and former smokers, whereas 
nonsmoker referred to those who never smoked. 


Carotid IMT indicates carotid intima-media thickness. 


both proteins are predominantly produced from adipocytes. 
Furthermore, adiponectin and A-FABP act in opposite man- 
ners in the pathogenesis of atherosclerosis. Firstly, adiponec- 
tin has antiinflammatory properties, including the suppression 
of tumor necrosis factor (TNF)-a production in macro- 
phages 28 and adipocytes. 29 In contrast, A-FABP is pr- 
inflammatory, because the ablation of A-FABP in macro- 
phages leads to reduced IkB kinase and NF-kB activity, 
diminished cyclooxygenase-2 and inducible nitric-oxide syn- 
thase expression, and impaired production of proinflamma- 
tory cytokines. 27 - 30 Secondly, adiponectin has beneficial ef- 
fects on lipid metabolism 31 - 32 and intracellular lipid 
accumulation in macrophages, 33 whereas A-FABP is pro- 
posed to contribute to dyslipidemia 34 - 35 and foam cell forma- 
tion. 27 In humans, decreased adipose tissue expression of 
A-FABP in subjects homozygous for a functional poly- 
morphism is associated with a reduced risk of hypertriglyc- 
eridemia. 10 Thirdly, adiponectin is a potent insulin- 
sensitizer, 36 whereas A-FABP induces insulin resistance, as 
A-FABP null mice are protected from insulin resistance in the 
context of dietary and genetic obesity. 3 - 4 

A-FABP might induce atherosclerotic formation through 
multiple mechanisms. Studies in both animals 2-4 and hu- 
mans 10 - 1113 suggest A-FABP to be an important mediator of 
insulin resistance and metabolic syndrome, the key risk 


TABLE 5. Stepwise Multiple Regression Analysis Showing the 
Parameters With Significant Independent Associations With 
Carotid Intima-Media Thickness 



Coefficient B 

SE (B) 

P Value 

A. Women only 

Serum A-FABP* 

0.037 

0.017 

0.034 

Age 

0.004 

0.000 

<0.001 

Hypertension 

0.041 

0.011 

<0.001 

B. Men only 

Age 

0.005 

0.000 

<0.001 

Waist-hip ratio 

0.208 

0.092 

0.024 

Hyperglycemia 

0.029 

0.012 

0.018 

Smoking 

0.023 

0.012 

0.047 


log-transformed before analysis. A, The analysis included also waist-hip 
ratio, serum hsCRP (high-sensitivity C-reactive protein), hyperglycemia, and 
dyslipidemia, which were excluded from the final model. 

B, The analysis included also serum A-FABP (adipocyte fatty acid-binding 
protein) and hypertension, which were excluded in the final model. 


factors of atherosclerosis. A-FABP may also promote athero- 
sclerosis through direct actions in macrophages. Adenovirus- 
mediated overexpression of A-FABP in human macrophages 
directly induces foam cell formation by increasing intracel- 
lular cholesterol ester accumulation. 27 On the contrary, abla- 
tion of A-FABP expression in macrophage increases choles- 
terol efflux and prevents oxidized LDL-induced foam cell 
formation. Bone-marrow transplantation of A-FABP ' mac- 
rophages into apot mice reduces atherosclerosis to a level 
comparable to that in apoE _/_ mice with total A-FABP 
deficiency, indicating an independent role for macrophage 
A-FABP in atherogenesis. 5 Nevertheless, the detailed biolog- 
ical pathways whereby A-FABP promotes foam cell forma- 
tion and atherosclerosis are largely unknown. In agreement 
with our observation that A-FABP is a serum protein, a recent 
proteomics-based study on human macrophage cells showed 
that much A-FABP was released into the conditioned medi- 
um. 37 Whether A-FABP can induce atherosclerosis through 
its endocrine or autocrine actions on macrophages is being 
investigated in our laboratory. 

Study Limitations 

The major limitation of this study was its cross-sectional 
design. Therefore our findings should be investigated in 
long-term prospective studies before a causal relationship 
between serum A-FABP and carotid atherosclerosis can be 
established. Furthermore, this study included an overrep- 
resentation of subjects with hyperglycemia (IGT, IFG, or 
type 2 diabetes), a well-known risk factor of atherosclero- 
sis. The relationship between serum A-FABP and carotid 
IMT in the general population, and its role relative to 
hsCRP 38 and adiponectin 39 in this regard, should be further 
studied in large population-based studies, even though 
serum A-FABP, but not hsCRP and adiponectin, was found 
to be independently associated with carotid IMT in our 
study. 

Conclusions 

In summary, our present study is the first demonstration that 
high serum A-FABP levels are associated with carotid ath- 
erosclerosis in human subjects. Given that A-FABP is 1 of the 
major adipokines, these findings, together with our previous 
observations showing the close association of A-FABP with 
obesity-related insulin resistance and metabolic syn- 
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TABLE 4. ( Continued ) 


Carotid IMT* in Women 

Yes 

No 

P Value 

0.65 (0.53-0.75; n = 1 52) 

0.55(0.48-0.67; n=95) 

0.001 

0.63 (0.53-0.75; n = 1 78) 

0.53 (0.47-0.68; n=69) 

<0.001 

0.68 (0.58-0.78; n = 139) 

0.52 (0.47-0.62; n = 1 07) 

<0.001 

0.67 (0.58-0.79; n = 20) 

0.60 (0.50-0.73; n=227) 

0.058 


drome , 11 - 13 suggest that A-FABP might serve as a significant 
mediator that links obesity with its related metabolic and 
cardiovascular diseases. 
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